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Abstract: Sex differences in susceptibilities of mice to various stages of Brugia pahangi 
worms inoculated were examined. Infective larvae (L3), the fourth-stage larvae (L4) and 
adult worms were intraperitoneally inoculated into naive BALB/c mice aged over 12 
weeks. When the recovery rates of stages of worms were compared at 15 days post-in- 
oculation between male and female mice, sex difference in the resistant capacity was in- 
duced only by L3 but not others. Microfilariae (mf) were reproduced from inoculated 
adult worms in the peritoneal cavities of both sexes of mice. There was no difference in 
the mf count between the sexes. Intravenous inoculation of mf into mice also showed no 
sex difference in the rate and period of clearance. 
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Sex difference in the susceptibility to the infection with Brugia pahangi in sexually 
maturated mice has been reported (Nakanishi, 1987; Nakanishi ef al, 19893). Female mice 
showed greater resistance to the infection with B. pahangi than males in association with 
higher response of macrophages or eosinophils (Nakanishi, 1987) Such weak resistant 
capacity in matured male mice is caused by a suppressive effect of testosterone (Nakanishi 
et al., 1989a). Recently, it has been proved that macrophages have key roles to alter the 
susceptibility to B. pahangi infection between both sexes not only as effector cells but also 
as immunoregulatory cells (Nakanishi et al, 1989b). 
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B. pahangi molt twice in the host and developed an advanced stage. Our earlier 
result indicated that infective larvae (L3) but not the fourth-stage larvae (L4) induced sex 
difference in susceptibility of mice (Nakanishi, 1987). However, it is still remained unclear 
that such difference is due to qualities (specificities of components) or quantities (amount 
of antigens) of parasites. 

In this study, therefore, we compared the resistant capacities of male and female 
mice to the different doses of L3 and L4. And to confirm the stage specific induction of 
sex difference in susceptibility, we used other stages of B. pahangi (adult worms and 
microfilariae). 

Inbred male and female BALB/c mice were raised in our laboratory parental stocks 
- under conventional conditions. Mice, more than 12 weeks old, were used in all the ex- 
periments. 

L3 of B. pahangi were obtained from the mosquitoes (Aedes aegypti) which had been 
fed on microfilaremic Wistar rats 2 weeks previously. Mice were inoculated intraperitoneal- 
ly (i.p. with 50 L3 suspended in 0.5 ml of Hanks’ balanced salt solution (HBSS). 

L4 were obtained from the BALB/c mice which had been inoculated i.p. with 400— 
500 L3 of B. pahangi 20 days before. Mice were inoculated with 20 or 40 L4 in 0.5 ml of 
HBSS through an 18—guage needle into the peritoneal cavity. 

Adult worms were collected from the jirds (Meriones unguiculatus) which had been in- 
oculated i.p. with 300—400 L3 of B. pahangi 3 months before. Active 20 adult worms (10 
males and 10 females) were surgically implanted into the peritoneal cavity of mice using a 
Pasteur pipette through the opening of the lateral abdomen. 

Microfilariae (mf) were obtained from the jirds which had been infected i.p. with 300 
—400 L3 of B. pahangi 3 months before. The animals were anesthetized with ether and 
their peritoneal cavities were flushed with 10 ml of sterilized HBSS. The peritoneal effu- 
sion was placed into a plastic dish (Sumitomo Bakelite Corp., Tokyo), and kept at 37'C in 
an incubator for 30 minutes in order to remove peritoneal adherent cells (Ah e£ al, 1974). 
After centrifugation at 2,000 rpm at room temperature for 5 minutes, the active mf were 
resuspended in sterile HBSS at a concentraion of 3x10? mf/ml. Mice were injected with 
0.75 X105 mf in 0.25 ml of HBSS via the tail vein. To follow the density of mf after the 
inoculation, 2041 of blood samples were taken from the retro-orbital plexus at the indicated 
time points. Mf were counted and the data were expressed as the number of mí/20,d 
blood. 

Mice were killed on day 15 post-inouculation (PI) by over-dose of ether anesthesia. 
The majority of worms were recovered from the peritoneal cavity by flushing with 5 ml of 
heparinized HBSS. A small number of residual worms were also recovered by incubating 
the carcass in HBSS at 37C for 2 hours. 

Statistical significance of differences in mean values were assessed by using 
Student's ¢—test. 

As shown in Fig. 1, female mice showed significantly higher (P<0.01) resistance 
than males when 50 or 500 L3 were inoculated into mice. On the contrary, female mice 
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Table 1. Reproduction of microfilariae in the peritoneal cavities of male and 
female mice 15 days after implantation of adult B. pahangi* 


Sex of animals No. of animals NO: EC oo 
Male 10 11603+ 6257 
Female 13 17260 + 13720 


"Adult worms were collected from the peritoneal cavities of the jirds which had been in- 
traperitoneally inoculated with 300—400 L3 three months previously. Both 10 male and 
female adult worms were intraperitoneally implanted into mice. 
“These data are based on the mean and standard deviation (SD) of total mf 
count/peritoneal cavity. There was no statistical significance between the means from 
male and female mice. 
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(50) (500) (20) (40) (10) (10 Time after implantation 
Fig. 1. Recovery rates of worms at 15 days PI Fig. 2. Kinetics of mf counts in male (closed 
of various stages of B. pahangi, i.e., L3, circles) and female (open circles) mice 
L4, male adult worms and female adult after intravenous implantation of mf 
worms, from male (open columns) and taken from the peritoneal cavity of the 
female (dotted columns) mice. Numerals infected jirds. Ten male and eleven 
in the parentheses indicate numbers of female mice were injected with 0.75x 
inoculated worms. From left to right 10° mf suspended in 0.25 ml of HBSS. 
each column represents the mean from Mf counts were performed on 20 pl of 
seven, seven, eight, five, five, five, five, peripheral blood. Vertical bars indicate 
five, eleven, thirteen, eleven and thir- the standard deviation. 


teen mice, respectively. Vertical bars in- 
dicate the standard deviation. *Recovery 
rate of worms from female mice was 
significantly less than that from males 
(P« 0.01). 
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showed rather lower resistance than males when L4 or adult worms were inoculated. 

On the other hand, many reproduced mf were recovered from the peritoneal cavities 
of mice which had been inoculated with male and female adult worms (Table 1). No signifi- 
cant difference was observed in mf count between male and female mice. | 

. Peripheral blood mf level in inoculated male mice was almost the same as that in 
females. Maximum mf counts were reached by day 7, then decreased rapidly within 2 to 3 
weeks and almost disappeared by week 9 PI. There were no significant difference in mf 
counts between host sexes throughout the experimental period (Fig. 2). 

The results reported here clearly show that only L3 could induce a difference in the 
resistant capacity between male and female mice. 

As to the mechanisms of host resistance to filarial worms are concerned, comple- 
ment— (Haque et al., 1982; Chandrashekar et al., 1985; 1986) or antibody-dependent (Mehta 
et al, 1981) cell-mediated killing of larvae have been reported. Macrophages and 
eosinophils have important roles in killing larvae (Haque et al., 1982; Chandrashekar et al., 
1986). Serum-mediated cytotoxicity of leukocytes to mf of various species of filariae have 
also been reported by many workers (Subrahmanyam ef al., 1976; Weiss and Tanner, 1979; 
Johnson et al, 1981). Nakanishi (1987) reported that the onset of sex difference in the 
susceptibility of mice to B. pahangi infection is correlated with the time when differential 
responses of inflammatory cells including macrophages and eosinophils was observed bet- 
ween male and female mice. 

As regards the mechanisms to express sex difference in the susceptibility of mice to 
infection with B. pahangi, significant difference was not found between sexes before sexual 
maturation of animals (Nakanishi, unpublished data). After puberty, male mice increased 
their susceptibility because of immunosuppressive effect by androgen (Nakanishi et al., 1989 
a; Ansar Ahmed et al, 1985; 1987). Testosterone treatment in female mice increased 
susceptibility and suppressed inflammatory cell response (Nakanishi et al, 1989a). 
Therefore, it is obvious to define that the expression of sex difference in the susceptibility 
to the infection with B. pahangi in mice is entirely due to an increased susceptibility of 
males by an immunosuppresive effect of androgen. 

Our study showed that mice give damages to various stages of B. Ee however, 
the resistant capacity of male mice was significantly suppressed only when L3 were in-. 
oculated. Since this suppressed resistance was depending on differences of stages but not 
doses of parasite inoculated, testosterone- -regulated suppressive mechanism(s) in male mice 
might be restricted to L3. Although underlying mechanism that changes host (male mice) 
immunological response against stages of B. pahangi, especially between L3 and others, 
still remained unclear, such change seems to correlate closely to macrophage functions 
(Nakanishi e? al., 1989b). Recently, some kinds of cytokines such as colony-stimulating fac- 
tors (CSFs) were proved to have important roles not only as hemopoietic E but also 
as functional modifier of inflammatory cells (Reed et al., 1987). 

Thus, differences of host inflammatory responses and production of cytokines bet- 
ween male and female mice elicited by the inoculation of L3 or other stages of B. 
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pahangi, and component(s) of L3 which might alter host response should be further 


clarified. 
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